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Abstract
 Considering the worth of developing non-steroidal compounds for better management of estrogen linked pathologies including contraception, the present work was envisaged to seek rational possibilities in this area through precision based cheminformatics and pharmacological approaches. In foremost portion of the project, bioactive molecules are theoretically modeled through in silico approaches for deducing pharmacophores from generated quantitative-structure-activity-relationship (QSAR) models. Within the work, different molecular, sub-atomic and atomic properties have been studied for ten structural congeneric series of non-steroidal estrogenic compounds and correlated with their biological activity through regressional approach. Structural homology and pharmacophore space modeling studies have been done to study structural and conformational similarities with known endogenous ligands and spatial arrangement of biophores respectively. Different QSAR models with statistically significant correlations higher than 95% could be developed with more than 80% predicted variances. The generated models showed the importance of different biophore features for estrogenic activity, such as, attachment of cyclic ring systems to unsaturated bonds, nucleophilic as well as electrophilic substitutions, phenolic hydroxyl group, hydrophobicity and substituent stereochemistry. The results of structural homology modeling outlined the structural similarity aspects of estrogenic ligands for binding at the receptor surfaces and superior predictive models have also been developed in pharmacophore space modeling studies. In the experimental section, a plant named tape-vine, Stephania japonica Miers. with documented ethno-therapeutic uses has also been explored for its contraceptive and estrogenic properties in rodent model, judging the upcoming possibility of herbal resources to play significant role in healthcare. The aim of the study is to compare the potencies of an aqueous extract (AE) with an ethnomedicinal formulation (EF) of leaves of the plant. The results demonstrated that EF possesses significant post-coital pregnancy interceptive activity through restriction of implantation and involvement of uterotrophic and hormonal effects. This specimen also demonstrated favorable effects on lipid and carbohydrate profiles suggesting its safe nature. Chromatographic analysis of both EF and AE exhibited chemical differences. Phytochemicals abundant in this plant specimen have also been classified for estrogenic activities through models developed in theoretical section of this study. 


Considering the worth of developing non-steroidal estrogen analogues, the present research explores the pharmacophores of 1-trifluoromethyl-1,2,2-triphenylethylenes (Fig. 1) for post-coital antifertility activity using electrotopological state atom(E-state) index. The study shows the efficacy of E-state index in developing statistically acceptable model, which explains the electronic environment and topological states of different atoms in a molecule. The exploration concluded that phenyl ring attached to an ethylenic moiety, para substitution by nucleophilic group on the phenyl ring and presence of strong electronegative group as the 4th substituent on the 1st carbon of the ethylenic moiety might be crucial for activity.

In connection to developing non-steroidal estrogen analogs, the present study explores the pharmacophore of triphenylacrylonitriles (Fig. 1) for binding affinity to estrogen receptor using Electrotopological State (E-State) indices of constituting atoms. The analysis shows the efficacy of E-State index in developing statistically acceptable model, which defines the electronic environment and topological states of diverse atoms in a molecule. The investigation concluded that electrophilic substitutions at C6 and C18 of the phenyl rings (A and C rings respectively) attached to C2 and C1 of ethylenic moiety, along with presence of hydroxyl substitution at C12 (ring B) and no. of non-hydrogen free terminal atoms of the molecule have influence on the binding affinity to the estrogen receptor.

Considering importance of developing selective estrogen receptor modulators (SERMs), the present paper explores selectivity requirements of tetrahydroisoquinoline derivatives for binding with ER versus ER receptors using E-state index and physicochemical parameters. The best model [n = 21, Q2 = 0.512, Ra2 = 0.613, R = 0.819, F = 11.6 (df 3, 17)] for ER binding data obtained from radioligand binding assay showed importance of C1, C15 and lipophilicity (log P) while the best model [n = 21, Q2 = 0.768, Ra2 = 0.796, R = 0.904, F = 40.1 (df 2, 18)] for ER binding data showed importance of C1 and molar refractivity (MR). While modeling ER/ER selectivity [n = 21, Q2 = 0.695, Ra2 = 0.739, R = 0.882, F = 19.8 (df 3, 17)], C1, C15 and molar refractivity were found to be significant contributors. The data obtained from cellular transcription assay were also modeled. In case of ER, the best equation involving E-state values of C1 and C14 and log P explained 62.1% of the variance while the best equation for ER involving E-state values of C1 and C15 and MR explained 64.6% of the variance of the response variable. In case of ER/ER selectivity, the best equation involving E-state values of O8, C14 and N27 showed 48.3% explained variance, which increased to 63.5% on deletion of single outlier. From the analysis it appears that the nitrogen atom of the aminoethoxyphenyl substituent and 6- hydroxy substituent of the tetrahydroisoquinoline nucleus play important roles for ER/ER selectivity in addition to R1 and R2 substituents.

Phytoestrogens have been explored as promising next generation estrogenic drug candidates with minimum cardiovascular risks. Investigating spatial, electronic and topological properties of the molecules, structure-activity relationships were drawn in an endeavor to find out the basic pharmacophore features of flavonoids for binding with the estrogen receptor. Implementing multi-parameter linear regression analysis, a significant relationship (R2 =0.892 and Q2 = 0.805 for n = 19) was established that explained 86.097% variance in binding affinity to the receptor. This study revealed the importance of partial charges at atoms C2’ and C4’ in the phenyl ring C, electrotoplogical state of atom C7 in the phenyl ring A and the molecular orientation and conformational stringency factors. It has been found that substitution by an e- donating group in the phenyl ring at C2’, e- withdrawing groups at C4’ and C7 of the molecule in conjunction with minimal conformational rigidity could be important for estrogenic activity.

Motivation. Taking into consideration the worth of developing non–steroidal estrogen analogs, the present study explores the pharmacophore of bromotriphenylethylenes for uterotrophic activity using physicochemical and topological parameters.
Method. Multiple linear regression techniques were employed in the modeling of experimental uterotrophic activity (Log UC) of bromotriphenylethylene derivatives. The statistical quality of the model has been judged by parameters such as correlation coefficient R, explained variance EV, predicted variance Q2 and variance ratio F.
Results. A linear regression model with R = 0.761 that explained 50.523% uterotrophic activity of a set of 21 nos. of bromotriphenylethylene derivatives was obtained with E–State indices of 2 atoms, hydrophobic substituent constant and configuration of the bromine atom of the molecule. Considering the outliers of the QSAR model, a relationship was established that explained 85.340% variation in activity with R = 0.939.
Conclusions. This exploration concludes that phenyl ring attached to an ethylenic moiety, substitution by electron withdrawing group in the phenyl ring, –configuration of the bromine atom and hydrophobicity of bromotriphenylethylenes might be essential for activity. The study also shows the efficacy of E–State indices and hydrophobicity factors in developing statistically acceptable model of consistent predictive ability that explains the electronic environment and topological states of different atoms in a molecule along with hydrophobicity contribution of substituents.
The dimensional expansion in the research domain of Selective Estrogen Receptor (ER) Modulators (SERM) has been driven by discovering molecules with improved endocrine profiles that might be safer and valuable drug candidates for treating variety of estrogen-linked pathologies. Desirable tissue selectivity may result from the unique structural characteristics of a ligand that take advantage of differences in diversities of cell specific factors. The recent discovery of a second ER has provoked the search for ligands which are selective for either the classical ER or newer subtypes. Libraries of compounds, both synthetic and natural are being screened globally for finding ideal SERMs and investigating pharmacophore patterns for apprehending tissue selective parameters. Diverse series of selective synthetic analogs have been developed with high relative binding affinities to the ER as comparable to 17β-estradiol and extensive data sets of phytoestrogens have also been screened for selective binding at the ER surfaces. The successful synthesis, exploration of natural resources and biological testing of SERMs are emerging as vital tools for apprehending the differences in structure and biological functions of ER subtypes as well as for deducing pharmacophore maps of estrogenic analogs through application of virtual molecular modeling applications. Several approaches in calculating ligand-binding affinities have been used over the past decade, ranging from molecular field analysis studies to protein-based methods using empirical scoring functions. One of the most promising areas in present day computational chemistry that has further aided the understanding of mechanistic aspects of estrogenic activity, is the characterization of molecular properties and bio-activities by means of structure-based descriptors generated from theoretical improvement and computational applications that eventually lead to construction of quantitative SAR related to molecular features by statistical procedures. Consequently, this paper overviews the properties investigated towards explaining tissue selectivity of estrogens and structural homology patterns of active analogs on precision based In silico approaches. This review also takes into account some our ongoing research efforts in this area that have contributed significant findings.

Documented ethno-contraceptive use of Tape-vine or Stephania japonica (THUNB.) MIERS., Syn. Stephania hernandifolia (WILLD.) WALP. leaves is evaluated with regards to post-coital pregnancy interceptive activity of its aqueous extract (AE) and an ethnomedicinal formulation (EF) in Wistar rats. EF at 500 and 250 mg/kg doses induced 66.7% and 33.3% post-coital pregnancy interception respectively and the higher dose exhibited significant reduction in number of litters born and also anti-implantation property. In contrast, none of the dose levels of AE interfered in pregnancy but significant anti-implantation property was observed at doses of 2 and 1 g/kg, even as the higher dose produced significant reduction in number of litters born as well. EF at 500 mg/kg also exhibited significant uterotrophic activity and histological changes in uterus. Pair-wise comparison of sex hormone levels exhibited significant increment in serum estradiol, LH and FSH but decrease in progesterone levels. Assessed blood lipid-carbohydrate profile exhibited substantial decrease in glucose, cholesterol, VLDL and triglyceride contents and significant increase in HDL. It is concluded that EF probably acts as better post-coital pregnancy interceptive agent through restriction of implantation by alteration of gonadal hormone levels and decline in blood-glucose levels that possibly disrupts oxidative energy metabolism in uterus during implantation. High surge in LH and FSH suggests negligible interference in ovulatory mechanism. This preparation also seems to be free of cardiovascular risk factors. HPTLC and HPLC analysis of both EF and AE exhibited marked chemical differences.

Research on Selective Estrogen Receptor Modulators (SERMs) has been driven by interest in discovering target selective molecules. In view of such significance, the present work explored the pharmacophores of estrogen receptor (ER) subtypes specific binding affinities of diverse compounds belonging to the category of bridged bicyclic-1,1-diarylethylene derivatives. Implementing classical QSAR and CATALYST based space-modeling approaches, it has been explored that attachment of aryl ring systems to unsaturated linkages, availability of phenolic hydroxyl group, global hydrophobicity, and stereochemistry of certain functional groups might be important for governing the subtype specific estrogenic behavior of this group of compounds. Supplementing this deduction, critical interfeature distances between hydrogen bond acceptor, hydrophobic, and ring aromatic features along with steric influence are found to primarily influence the ER-subtypes specific binding of this series of compounds.

Broad range of structurally diverse alkylphenols has been found to be considerably potential estrogenic agents in combating estrogen-linked pathologies, but their mechanism of action in mimicking responses of endogenous hormones is still to be understood. The present work explores pharmacophore signals of some varied alkylphenols and predicts estrogenic activities through generated linear relations implementing theoretical molecular modeling techniques. The binding affinity to estrogen receptor of alkylphenols has been modeled investigating large data set of whole molecular and atomic descriptors. Univariate and multivariate relationships were estimated using correlation analysis and statistical significance of the generated relations assessed. The predictive ability of the generated models was further verified using ‘Leave-One-Out’ Cross validation. The relationships with molecular properties could be developed with a maximum correlation exceeding 94%, with explained variance as high as 87% and cross-validated variances  0.8. It was inferred that increased molecular bulk, enhanced molecular ionization potential, presence of electron donating groups in para position and branched chain terminal atoms might have influence on binding affinity to the receptor.

Considering the worth of developing non-steroidal estrogen analogs, the present study explores the pharmacophore features of arylbenzothiophene derivatives for inhibitory activity to MCF-7 cells using classical QSAR and 3D space modeling approaches. The analysis shows that presence of phenolic hydroxyl group and ketonic linkage in the basic side chain of 2-arylbenzothiophene core of raloxifene derivatives are crucial. Additionally piperidine ring connected through ether linkage is favorable for inhibition of breast cancer cell line. These features for inhibitory activity are also highlighted through 3D space modeling approach that explored importance of critical inter features distance among HB-acceptor lipid, hydrophobic and HB-donor features in the arylbenzothiophene scaffold for activity.



